The aim of this study was to evaluate the selectivity of ALS inhibitor herbicides, applied isolated and associated with glyphosate in post-emergence of soybean cultivar presenting the RR/STS technologies. The experimental design was a randomized block with four replications and ten treatments. The treatments consisted of the application of glyphosate and ALS inhibitors herbicides, isolated and associated with glyphosate. The application of treatments occurred in V4 stage of plant development. The evaluation of phytointoxication, SPAD index was conducted, as well as variables related to agronomic performance (height, number of pods per plant, yield and mass of a thousand seeds). Yet additional test with the same cultivar and treatment was conducted in a greenhouse in a completely randomized design with four replications. Soybean cultivar CD 2630 RR/STS presented itself tolerant to application in post-emergence herbicides used alone or combined with glyphosate. Except to metsulfuron-methyl (2.4 g a.i. ha -1 ), associated or not with glyphosate (960 g a.e. ha -1 ).
INTRODUCTION
The growth of areas occupied by soybean crops in Brazil, in 2014 , reached 32.09 million hectares (Conab, 2015 , with prevision to expand to 32.20 million hectares in 2015/ 2016 (Céleres, 2015a) . Another important factor is that crops of soybean RR (Roundup Ready) correspond to 93.5% of total soybean cultivated area in Brazil in 2014/2015 (Céleres, 2015b) .
With the arrival of soybean RR, glyphosate started to be the most used herbicide, however, ALS inhibitor herbicides, such as those belonging to the chemical group of sulfonylureas, among other, are important and must be considered in management, especially for the prevention of resistant weeds. Shaner (2000) already warned that, although glyphosate tolerant crops were a huge tool in weed management, the intensive use of this herbicide in RR crops could entail problems, especially in the selection of resistant biotypes.
Soybean tolerant to sulfonylureas (STS) was developed through seed mutagenesis technique, using the alkylating agent ethyl methanesulfonate (EMS), not regarding transgenic crops. The EMS agent do not cause mutation by insertion in DNA, but by modification of an existing base, introducing an alkyl radical -in this case, ethil -frequently in the nitrogenous base guanine (Rogozin et al., 2001; Greene et al., 2001) .
Mutant seeds from the soybean cultivar Williams 82 were selected according to the tolerant to sulphonylorea chlorsulfuron. After improving process, the soybean cultivar W20 was obtained, presenting high levels of tolerance, post and pre-emergence, for some sulfonylureas. Studies show that this characteristic is determined by a semidominant allele, called Als1. Studies such as these are fundamentally important to identify other mutations and, consequently, increase these soybean cultivars' tolerance to sulfonylureas and other ALS inhibiting families (Sebastian et al., 1989; Ghio et al., 2013; Walter et al., 2014) .
Soybean tolerance to some sulfonylureas was obtained via conventional techniques of genetic improvement; thus, STS cultivars contain a gene that increases the degradation of some herbicides in the plant, such as chlorimuron-ethyl, which, when applied in doses up to four times higher than the recommended dose for non-tolerant cultivars, shows none significant damages (Roso and Vidal, 2011) .
Nowadays, in Argentina, more than 26 STS soybean cultivars from many maturation groups are available for farmers. In this country, STS technology has been used as a tool for grasses in general, voluntary plants of RR corn and, yet, Conyza spp., together with the application of a herbicide, with two sulfonylureas in its formula: sulfometuronmethyl (111.11 g kg -1 ) and chlorimuron-ethyl (148.15 g kg -1 ), with recommended doses of 90 to 100 g p.c. ha -1 , in association to glyphosate (DuPont, 2012; Infocampo, 2015) .
The rotation of herbicides action mechanisms has fundamental role in the prevention of resistant biotypes. In this context, new technologies and cultivars tolerant to herbicides, such as soybean imidazolinone tolerant, 2.4-D, sulfonylureas, among other molecules, deserve highlights (Riar et al., 2013) .
Herbicide association is an important tool for the management of plants which are difficult to control, and many studies report its applications, advantages and disadvantages. According to Gazziero (2015) , who has interviewed rural producers and professionals of the area, 97% of the interviewees state that mix in tanks is a normal practice. It is, then, necessary to discuss this theme with the competent bodies.
The association between chlorimuronethyl with other molecules, highlighting glyphosate, was recently studied by many authors, among who are Albrecht et al. (2012) , Oliveira Neto et al. (2013) , Chahal et al. (2014) and Belfry et al. (2015) . These studies were directed especially for difficult to control weed management, and also to the selectivity of this association for soybean crops.
Due to the lack of information regarding STS technology, added RR technology, it is important to characterize the selectivity of ALS inhibitor herbicides, isolated or associated to glyphosate, in post-emergence for RR/STS soybean crops, since there are few reports in literature about this technology, which has great use potential by farmers in weed control.
The objective of the present study was to evaluate ALS inhibitor herbicide's selectivity applied in post-emergence in soybean cultivar CD 2630 RR/STS. Application of post-emergence ALS inhibitor herbicides ...
MATERIAL AND METHODS
The present study consisted in two experiments conducted in the 2014/2015 crop, in the city of Piracicaba, mid-eastern region of São Paulo state. Experiment 1 was conducted in the field and experiment 2, in a greenhouse. Table 1 presents the chemical and physical analysis from the soil in the experimental area and also for the soil used in the greenhouse vases.
In Figure 1 , the distribution of precipitation and temperature during the period when the experiment was conducted in the field is displayed.
For experiment 1, the experimental units consisted in portions of five meters of length and six soybean lines. For experiment 2, the experimental units consisted by seven liter vases filled with soil of medium texture. Six seeds were sowed per vase and, after emergence, the seedlings were thinned, leaving only three plants per vase. (Coodetec, 2012) .
The used experimental design was randomized blocks for experiment 1 and completely randomized for experiment 2, with four repetitions and ten treatments ( Table 2 ).
The employment of fertilizing practices, crop installation and plant health management were performed according to Embrapa (2013) recommendations, and all portions were kept free from weed interference, through manual weeding.
In both experiments, the use of treatment was during soybean V4 development level. For experiment 1, the treatment was applied by backpack sprayer propelled by CO 2 , equipped with a four pulverization point bar, in constant pressure of 2 Bar, providing a volume of 200 L ha -1 , and velocity of 1 m s -1 , with the tips positioned to a height of 50 cm from the target. In experiment 2, the application was via automated pulverization chamber, with a flat fan nozzle, even jet, model XR 80.02, calibrated for a volume of 200 L ha -1 .
For experiment 1, the experimental units consisted of five meters long portions and six lines of soybean, being considered as usable area the four central lines, discarding the first and last meter of the portion. In experiment 2, the experimental units consisted of 7 liter vases filled with soils of medium texture. Six seeds were sowed per vase and, after emergence, the seedlings were thinned, leaving only three plants per vase.
The photo intoxication was evaluated through visual perception, in which percentage grades were attributed varying from 0 to 100% in each experimental unit (where 0 represents absence of injuries and 100%, plant death), considering, in this case, significant visible symptoms in plants, according to its development (SBCPD, 1995) . This evaluation was performed in experiment 1 on 7, 14, 21 and 28 days after application (DAA) and, in experiment 2, on 7, 14 and 21 DAA.
The evaluation of the SPAD index was also performed in the soybean crop, in which the portable SPAD-502 meter from Minolta was used. This instrument evaluated quantitatively the intensity of the color green on leafs, through light transmissions at 650 nm, where light is absorbed by the chlorophyll molecule, and at 940 nm, where there is not any absorption. With these two values, the equipment calculates a number, or SPAD index, which, normally, is highly correlated with chlorophyll levels on the leaf (Markwell et al., 1995) . For experiment 1, the evaluation occurred on 21 and 28 DAA and 10 plants were submitted to the test, chosen randomly in the portion's usable area; and for experiment 2, on 7, 14 and 21 DAA, evaluating three plants from each vase.
An evaluation of related variables regarding agronomic performance (plant height, number of pod per plant, productivity and mass of a thousand seeds) was carried for experiment 1.
The height evaluation (experiment 1) was performed when plants have achieved R7 stadium. To determine the variable, ten plants were evaluated, chosen randomly in the usable area of the portions, with measurements done with the aid of a millimeter wood ruler, with the results in centimeters. The number of pods per plant was assessed in full ripening (R8 stadium), by manually counting the number of present pods, also in ten plants chosen randomly in the usable area of each portion.
Three plants from the central lines were harvested, ignoring the first and the last portion meter, totalizing a harvest area of 4.05 m². Plants were on R8, which means that 95% of the pods showed typical ripe pod coloration (Fehr et al., 1971) . Afterwards, the pods were threshed in a thresher for experiments, cleaned with the aid of sieves and stored in paper bags for later analysis and evaluations. The grains produced in each portion had their mass assessed and humidity corrected for 13%; from these data, productivity was calculated. For the mass of a thousand Application of post-emergence ALS inhibitor herbicides ... seeds, the mass of two sub-samples of 100 seeds per portion were checked; the values were then multiplied by ten, and the humidity was corrected to 13%.
For experiment 2, height evaluation was held on 7, 14 and 21 DAA, through checking three plants from each vase. When the majority of plants had reached R2 development stage, aerial and root systems were collected from each one of them, in order to measure mass of fresh and dry aerial part and dry mass from the root system. For drying, an oven with forced ventilation was used for 72h, at 65 o C and, for mass, an analytical scale with three decimal places of precision.
The obtained data was submitted to variance analysis and to the F test, and the averages of the treatments, compared by the Tukey test (p<0.05), according to Pimentel-Gomes and Garcia (2002) .
RESULTS AND DISCUSSION
The following results are regarding experiment 1 (Tables 3, 4 and 5).
According to Table 3 , on 7, 14 and 21 DAA the applications of metsulfuron-methyl (2.4 g a.i. ha -1 ) and glyphosate + metsulfuronmethyl (960 g a.e. ha -1 + 2.4 g a.i. ha -1 ) in post-emergence have caused damages on soybean plants, more severely on 28 DAA, with phytointoxication percentages of 32.5 and 87.5, respectively. The other treatments did not present phytointoxication in the last evaluation. The applications of nicosulfuron (60 g a.i. ha -1 ) and glyphosate + nicosulfuron (960 g a.e. ha -1 + 60 g a.i. ha -1 ) post-emergence have also caused significant symptoms of phytointoxication, however only on 7 DAA.
According to Marchi et al. (2013) , the glyphosate + chlorimuron-ethyl applications, until a dose of 960 g a.e. ha -1 + 10,0 g a.i. ha -1 ; and glyphosate + cloransulam-methyl, until a dose of 960 g a.e. ha -1 + 40,0 g a.i. ha -1 , did not cause visible symptoms of phytointoxication in soybean cultivar P98Y70, on 31 DAA.
The application of chlorimuron-ethyl (18 g a.i. ha -1 ), in pre-emergence, did not cause significant symptoms of phytointoxication in the evaluations held two and four weeks after soybean emergence in cultivars S03W4, Madison, OAC Lakeview and S23T5. The same was observed for cloransulam-methyl application in a dose of 70 g a.i. ha -1 (Belfry et al., 2015) . The application of imazethapyr, molecule that belongs to the ALS inhibitor group, has also caused injuries in soybean (Walsh et al., 2015) .
Results compatible with phytointoxication evaluation were observed for the SPAD index evaluation (Table 4 ). The application of glyphosate + metsulfuron-methyl (960 g a.e. ha -1 + 2.4 g a.i. ha -1 ) in postemergence has presented values of SPAD index inferior than those from other treatments, in both evaluations. The application of metsulfuron-methyl (2.4 g a.i. ha -1 ) in post-emergence, with or without association to glyphosate (960 g a.e. ha -1 ), has reduced the number of pod per plant to zero. Plant height was also negatively influenced. However, the other treatments did not reduce the number of pods per plant (Table 5 ). These results contrast with those of Viana et al. (2014) , in which: soybean cultivar CD 250 RR/STS was tolerant to the application of metsulfuron-methyl in doses of 1.8; 3.6; 5.4; and 7.2 (g a.i. ha -1 ).
The productivity variable was negatively influenced by the application of metsulfuronmethyl (2.4 g a.i. ha -1 ) in post-emergence, Application of post-emergence ALS inhibitor herbicides ... with or without association to glyphosate (960 g a.e. ha -1 ), while the application of other treatments have not influenced it.
According to Procópio et al. (2006) , the application of glyphosate + chlorimuron-ethyl (1.620 g a.e. ha -1 + 20 g a.i. ha -1 ), in pre-sowing did not reduce productivity in soybean RR. The same was observed by Maciel et al. (2009) for application in post-emergence of glyphosate + chlorimuron-ethyl (960 g a.e. ha -1 + 10 g a.i. ha -1 ). Giovanelli et al. (2014) have verified the same for the appplication, in post-emergence, of nicosulfuron, until the dose of 200 g a.i. ha -1 , for the cultivar CD 250 RR/STS. Results similar to the ones obtained in experiment 1 were observed in experiment 2 (conducted in the greenhouse) (Tables 6 to 9).
Regarding the evaluation of phytointoxication (Table 6) , it is observed that the application in post-emergence of glyphosate + metsulfuron-methyl (960 g a.e. ha -1 + 2.4 g a.i. ha -1 ) has presented higher percentages than the other treatments, in the order of 23.8, 48.8 and 61.3, for evaluations held on 7, 14 and 21 DAA, respectively. On 21 DAA, it is possible to observe that only on applications of metsulfuron-methyl (2.4 g a.i. ha -1 ) in post-emergence, with or without glyphosate (960 g a.e. ha -1 ), was statistically different than the control group (Table 6) .
The other treatments have not caused significant phytointoxication symptoms in soybean plants on 14 and 21 DAA. On 7 DAA, phytointoxication of 5% was observed for application in post-emergence of nicosulfuron (60 g a.i. ha -1 ), differing from the control group. However, in the following evaluations significant symptoms were not identified. The results found by Giovanelli et al. (2014) for application of nicosulfuron in post-emergence show that until doses of 200 g i.a. ha -1 no negative effect occurred in the development of the cultivar CD 250 RR/STS. Also, on 7 DAA, phytointoxication of 2.3% for application of chlorimuron-ethyl (20 g a.i. ha -1 ), post-emergence, was verified, differing from the control group. Nonetheless, in the following evaluations no significant symptoms were found. According to Reddy e Whiting (2000) , soybean cultivar DP 3571 S (tolerant to sulfonylureas) did not have development negatively influenced by the application of chlorimuron-ethyl (22 g a.i. ha -1 ), in sequential application in early and late post-emergence.
According to Table 7 , the application in post-emergence of glyphosate + metsulfuronmethyl (960 g a.e. ha -1 + 2.4 g a.i. ha -1 ) has shown lower values of SPAD index 21 DAA, when compared to other treatments, which are compatible with phytointoxication symptoms. Viana et al. (2014) have verified that soybean cultivar CD 250 RR/STS was tolerant to the application of metsulfuron-methyl in doses of 1.8; 3.6; 5.4; and 7.2 (g a.i. ha 1 ).
Similar behavior of the other variables was observed for height (Table 8 ). The application of metsulfuron-methyl (2.4 g a.i. ha -1 ) in postemergence, with or without association with glyphosate (960 g a.e. ha -1 ), has significantly reduced soybean plants height, presenting the lowest numbers in all three evaluations. The Application of post-emergence ALS inhibitor herbicides ... other treatments did not reduce soybean plants height significantly.
The application of chlorimuron-ethyl (20 g a.i. ha -1 ) and cloransulam-methyl (40 g a.i. ha -1 ) in post-emergence did not reduce fresh mass in soybean plants. However, the other treatments significantly reduced fresh mass when compared to the control group. The application of chlorimuron-ethyl (20 g a.i. ha -1 ) in post-emergence consisted in the only treatment that did not reduce dry mass significantly, when comparing to the control group. In contrast, the dry mass of the root system was reduced only by the application in post-emergence of metsulfuron-methyl (2.4 g a.i. ha -1 ), with or without association to glyphosate (960 g a.e. ha -1 ) ( Table 9 ). According to Menendez et al. (1994) , there are differences in the resistance level in genotypes tolerant to herbicides from the sulfonylureas group. Also, susceptibility to chlorimuron-ethyl may vary according to the soybean genotype (Mian et al., 1997) . Therefore, different STS cultivars may present different levels of tolerance to sulfonylureas. Viana et al. (2014) have verified that cultivar CD 250 RR/STS was tolerant to metsulfuronmethyl application while, in the present study, cultivar CD 2630 RR/STS was not tolerant to this herbicide's application.
It is important to highlight that sulphonylorea is not recommended for application in soybean crop. However, cultivar CD 2630 RR/STS was tolerant for application post-emergence of nicosulfuron (60 g a.i. ha -1 ), with more studies being necessary to a better positioning of its use in front of this technology in other STS cultivars.
In a broad sense, soybean cultivar CD 2630 RR/STS has shown itself as tolerant to application post-emergence (V4) to the used herbicides, with or without association to glyphosate, except for metsulfuron-methyl (2.4 g a.i. ha -1 ), which, with or without association to glyphosate (960 g a.e. ha -1 ), have caused irreversible damages to the crop.
